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Abstract 
Components of automation technology have a special position in the area of sustainability. Each component has limited impact on 
sustainability indicators and business-to-business customers only have a small physical and emotional involvement with the 
product. However, interesting leverage might be given since the components are sold in large numbers and influence the system 
they are built in. Based on this background information, this paper provides a framework to consider all stakeholders perspectives 
in order to avoid trade-offs between them and to push “win-win-win-situations”. Concrete measures for automation technology are 
allocated to the sustainability strategies and quantified through a product example. 
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1. Introduction 
Automation components play a significant role when it comes 
to improving the productivity of production systems. On the 
one side this trend will continue as manufacturers using 
automation technologies are faced with global competition. On 
the other side suppliers of automation components such as 
pneumatic and electric systems aim to consider energy 
efficiency, resource conservation, reliability and safety for their 
customers during product development. [1] Often these goals 
are unified under the concept of sustainability targets, which 
may lead to confusion. Due to the fact that sustainability 
recently acts as an omnipresent buzzword, a clarification of the 
supposed impact of a sustainable product as well as the absolute 
quantification of the impact should be indicated. Since the 
business-to-business sector is very much cost-driven, many 
companies adopted eco-efficiency as their guiding principle for 
environmental sustainability. [2]  
However this perspective neglects the three dimensions of 
sustainability (economical dimension, environmental 
dimension and social dimension) as well as the following 
definition of sustainability: “Sustainability grounds the 
development debate in a global framework, within which a 
continous satisfaction of human needs constitute the ultimate 
goal (Brundland, 1987). When transponding this idea to 
business level, corporate sustainability can accordingly be 
defined as meeting the needs of a firm’s direct and indirect 
stakeholders […].” [2]. Bringing this down to the product level, 
a sustainable product should meet the needs of all direct and 
indirect stakeholders who are involved in the value chain of the 
product (raw material, product development, production, 
transportation, use and end of life) and to whom the product 
has a direct or indirect impact on - in all three dimensions of 
sustainability. 
© 2016 The Authors. Published by Elsevier B.V This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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2. State of the Art 
The development of sustainable products has to be supported 
by the corporate sustainability strategy as well as by their 
business model.  
2.1. Corporate sustainability 
Translating the challenges of a sustainable development to the 
company level innovation plays a key role. In 1992 it became 
clear that sustainable development requires extensive long-
term changes of technologies, infrastructures, lifestyles and 
organizations [3]. A well renowned concept that defines 
sustainable development is the triple bottom line of 
sustainability. It postulates the integrated view on social 
(People), ecological (Planet) and economic (Profit) 
perspectives [4]. In the assessment of organizational 
performance, the triple bottom line thinking extends the 
traditional shareholder focus to a holistic stakeholder view [5]. 
Despite being widely accepted as a fundamental pattern in 
organizational and policy contexts, e.g. sustainability 
reporting, the triple bottom line has to withstand criticism 
regarding its operability in decision-making [6]. According to 
Hubbard, one challenge would be the reflection of 
organizations’ responsibilities to a complex and dynamic 
stakeholder environment with limited influence [5].
Dyllick and Hockerts created a framework for the strategic 
implementation of the triple bottom line in corporate settings 
(see Fig. 1). While eco-efficiency is well established, due to its 
direct benefit to the companies’ economical performance, other 
strategies are less likely to be followed. Effective strategies 
(also refered to as consistency) are required since efficient 
approaches are limited to relative impovements. Effectiveness 
requires a systems perspective to be focused on making the 
right decisions for a given context. A sufficient approach takes 
into account consumer behaviors, while the boundaries of 
company policies regarding individual choice are respected. 
The concept is completed with the societal case, taking into 
account basic needs as well as a fair distribution of natural 
resources [2]. 
Fig. 1. Six criteria of corporate sustainability [2] 
2.2. Development of sustainable products 
Nidomoulu describes becoming a sustainable company as a 
five-stage process with innovation as the key to progress [7]: 
1. Stage: Understanding complicance as opportunity 
2. Stage: Making value chains sustainable 
3. Stage: Designing sustainable products and services 
4. Stage: Developing new business models 
5. Stage: Creating Next-Practice Platforms  
Current research places stages 3 and 4 at the centre of attention. 
From an environmental perspective, many companies are in the 
process of tailoring and integrating respective methods and 
tools in their product development process. These range from 
qualitative approaches to life cycle assessments (LCA) [8]. 
Regarding the societal case, it is widely known that companies 
have their own departement for corporate social responsibility 
(CSR). But, even if a corporate social responsibility strategy 
already exists in a company, there is a difference between CSR 
tasks and the companies core business model. A common 
corporate responsibility task requested of departments is 
aiming to anchor a moral obligation in the people’s behaviour, 
minimizing negative impact in order to meet today’s laws and 
requirements [9] or fulfilling marketing aims. 
2.3. Sustainable business model innovation 
The goal of corporate social entrepreneurship (CSE), however, 
is that employees adapt entrepreneurial attitudes and create a 
bridge between core business and product innovations that 
have a positive impact [9]. Sustainable business models (SBM) 
are based on the triple bottom line approach, which allows for 
a broad range of stakeholder interests to be integrated into the 
way business is conducted and furthermore stimulates 
innovation [9,10]. According to Bisiaux a business model has 
the ability to act as an intermediary tool for compromises. It 
can be used as a sustainable innovation support tool since it 
provokes reactions from all stakeholders and therefore helps to 
avoid trade-offs. [11] Bocken defined eight groups of 
mechanisms and solutions that contribute to sustainability. The 
listed solutions in the following paragraph (Table 1, 2, 3) are 
based on those groups. They are called “sustainable business 
model archetypes”. The aim of these archetypes is to develop a 
common language that can be used to accelerate the 
development of SBMs in research and practice. [10] 
3. Sustainable measures for automation components 
For specific industry sectors a pre-filtering of the archetypes 
might be reasonable. The following tables represent an 
overview of archetypes, approaches and measures that lead to 
sustainable products, specifically filtered for automation 
components (based on [10]). For companies that work in the 
sector of automation components, seven relevant archetypes 
(e.g. create value from waste) have been identified. Within each 
archetype there are several approaches (e.g. remanufacturing, 
reuse) which aim to achieve a similar effect. The realization of 
an approach results in concrete measures on the operational 
level (e.g. tools and guidelines for design for recycling). For a 
more general classification of the archetypes, approaches and 
measures, the archetypes have been assigned to the 
sustainability strategies of consistency (Table 1), efficiency 
(Table 2) and sufficiency (Table 3). Schmidt, citing Huber, 
highlights that realizing consistency seems to be the most 
relevant challenge and goal for society because ensuring the 
quality of energy and material flows (consistency) has a greater 
impact than minimizing existing energy and material flows by 
an arbitrary factor (efficiency). Therefore the priority of 
“consistency before efficiency before sufficiency” has been 
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derived for companies and should serve as a guiding principle 
when it comes to the selection of an approach. [12]
Table 1. Consistency solutions for automation components (based on [10]) 
Create value from 
waste; substitute 
with renewables 
Adopt a stewardship 
role  
Repurpose for 
society and 
environment
Reuse, recycle, 
remanufacture 
Promote consumer 
health and benefit
Hybrid or social 
businesses  
e.g. design for 
recycling, modular 
design, reverse 
logistics, etc. 
e.g. safety, 
ergonomics 
e.g. helping to solve 
the problem of micro 
plastics in the sea 
Use renewable 
energy 
sources/material 
Fair trade, resource 
stewardship 
Base of pyramid 
solutions
e.g. biopolymers, 
material selection, 
solar power
e.g. radical 
transparency along 
value chain 
e.g. tackle 
malnutrition of kids 
with automation 
technology 
 Responsible product 
distribution  
 e.g. no distribution to 
weapon 
manufacturers 
Table 2. Efficiency solutions for automation components (based on [10]) 
Maximize resource efficiency Develop scale up solutions 
Low carbon solutions Collaborative approaches 
e.g. material selection e.g. partnerships along value  
chain 
Lean manufacturing Entrepreneur support 
models 
e.g. modular design e.g. for green or social start-
ups 
Dematerialisation of products  Crowdsourcing and -funding
e.g. lightweight e.g. integration of stakeholders 
to use wisdom of crowds 
Reduce total number of products Open innovation 
e.g. increased functionality e.g. outside-in (integration of 
externals ideas), inside-out 
(spin-offs) 
Table 3. Sufficiency solutions for automation components (based on [10]) 
Deliver functionality rather than 
ownership
Encourage sufficiency 
Product-oriented product service 
systems - maintenance 
Consumer education, 
communication and awareness
e.g. integration of condition 
monitoring and service innovation 
e.g. energy saving service
Use-oriented product service 
systems – rent, lease
Mitigate product life cycle 
resource use 
e.g. shared economy  e.g. hygienic design (reduces 
cleaning chemicals) 
Result-oriented product service 
systems – pay per use 
Encourage direct  
product reuse 
e.g. contracting e.g. multifunctional product 
Product longevity   
 e.g. high class surfaces 
  
4. Framework for implementation in a company 
Based on the presented approaches (listed in Table 1, 2, 3) a 
framework is developed in order to show for which existing 
product which approaches are adaptable and most promising in 
the context of the development of sustainable products. 
Sustainable products should provide a positive and acceptable 
contribution at the level of all product stakeholders in the three 
dimensions of sustainability. This statement is visualized in the 
following figure that is named the “onion-pie-model” (see Fig. 
2). The stakeholders are illustrated as layers (company, 
customer, society), whereas the dimensions of sustainability 
are split into sectors (people, planet, profit). This definition 
classifies nine categories of sustainable products.
Fig. 2. The onion-pie-model is a definition for sustainable products and basis 
of a framework for stakeholder integrated decision support 
The onion-pie-model is the basis of the proposed framework 
for stakeholder integrated decision support, which can be seen 
in Fig. 3. It portrays a frame for product and approach 
assessment respectively. The advantage of this model is that at 
a glance it maps an overview of all possible trade-offs, 
according to the three dimensions of sustainability, to decision-
makers concerning all stakeholders. Combining the product 
assessment with the assessment of approaches helps to push 
“win-win-win-situations” and to identify the most holistic 
approach regarding sustainability relevance.  
First of all, as step 1, an existing product has to be assessed in 
all layers and sectors.  
As a second step (step 2) the same procedure has to be applied 
for the approaches and measures that are listed in Table 1, 2, 3. 
The question that has to be answered is: “How is the approach 
performing for the company, its customers and society in the 
three dimensions of sustainability?”. 
After quantifing or at least qualifying those categories with 
indicators, the correlation between the two assessment-models 
has to be analysed. The goal is to identify if the approach can 
improve the existing product or if it has the ability to 
compensate low rated categories of the existing product (step 
3). The more a product can be improved in all layers and sectors 
by a certain approach, the higher the relevance concerning the 
sustainability of the approach is ranked. 
The forth step contains the verification of the technical 
feasibility of the approach, because not every approach is 
applicable for every product with state-of-the-art technology. 
The result of step 4 is a ranking that shows which approach is 
most suitable from a technical perspective. 
The results of step 3 and step 4 have to be transferred in a 
relevance/feasibility-portfolio for the approaches (step 5), 
which implies a recommendation for further action. In the end, 
the decision for support indicates the most promising approach 
for the considered product.  
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Fig. 3. Framework for stakeholder integrated decision support  
5. Exemplary application of the framework 
To demonstrate this framework, it is applied to a pneumatic 
short stroke cylinder (see Fig. 4) in the following example. 
Fig. 4. Short stroke cylinder  
The intersections of the layers and sectors of the onion-pie-
model form nine categories. Each category describes an 
indicator field that consists of several criteria and indicators. 
This paper only demonstrates one exemplary criterion for each 
sector. In the following the criteria for the “People” sector are 
simplified by the “satisfaction” criterion, the “Planet” sector is 
simplified by the “climate impact” criterion and the “Profit” 
sector by the criterion “costs and benefits”. 
Satisfaction is one common need within the set of social 
sustainability criteria that all stakeholders have in common. 
Another reason why that criterion is suitable to choose is that 
several surveys collect data about satisfaction. There are 
surveys in companies that track the employee- and customer 
satisfaction. Other sources are platforms like Eurostat, that 
provide knowlegde about the connection to life satisfaction. 
One survey highlights a clear relationship between labour 
status and life satisfaction: “unemployed and inactive people 
were on average the least satisfied (58 %) compared to full-
time employed (74 %) or people in education or training, who 
reported the highest rates of life satisfaction (78 %)”. [13] 
The criteria for “Planet” are approximated with the “absolute 
amount of CO2 equivalents (CO2eq)” the product produces 
during its life cycle because it became widely accepted and 
understood in society. The criteria for “Profit” are 
approximated with “costs and benefits”, as specific costs and 
benefits occur for every stakeholder. 
Table 4 summarizes the simplified assessment results for the 
short stroke cylinder. The colored boxes indicate whether 
necessary data is hard to collect (red), possible to collect 
(yellow) or easy to collect (green). The next paragraphs (5.1, 
5.2 and 5.3) provide further explanation into the data displayed 
in Table 4.  
Table 4. Exemplary criteria for product assessment 
 People  Planet  Profit  
 Satisfaction  Climate 
impact in 
CO2eq 
Costs and 
benefits 
Company product-related 
leaving rate, 
sickness rate 
and employer 
satisfaction  
 CO2eq of 
production * 
quantity/year  
(e.g. 3525 t 
CO2eq/year) 
 Profit per 
product1 
     
Customer Fulfillment of 
customer needs 
per product (e.g. 
50%) 
 CO2eq of user 
scenario * in-
use-quantity  
(e.g. 39289 t 
CO2eq/year) 
(People/Custo
mer)/TCO
The highter 
the better! 
  
Society  Satisfaction 
along value 
chain (e.g. level 
of activity and 
employment) 
 CO2eq of all 
LC phases * 
quantity/year  
(e.g. 42391 t 
CO2eq/year) 
 Fair salary 
along value 
chain 
1 Data available but confidential!
5.1. Indicators for the sector “Planet” 
For the environment related indices LCA-results supply a 
valuable contribution for the assessment. The indicator
Planet/Company can be calculated with existing LCA-data, 
using the amount of CO2eq the company produces per product. 
The multiplication of the CO2eq of the production phase with 
the produced quantity of the product per year gives an absolute 
indicator for measuring the absolute climate impact per 
product.  
The environmental aspects for the customers, expressed as 
Planet/Customer, are approximated by the emissions in CO2eq 
of a specific user scenario for all products per year. With the 
assumptions of a cycle duration of six seconds (ten cycles per 
minute), an operation time of 16 hours per day and a total 
operation of 250 days per year, the energy demand of the 
examplary short stroke cylinder comes to 241 Ws per cycle. In 
this scenario it is further assumed that the short stroke cylinder 
is fixed on an electric cylinder and vertically moved one meter. 
For this case an energy demand of the system caused by the 
cylinder (18 Ws/cycle) has to be added. Multiplying the sum of 
the scenario specific energy demand of 259 Ws per cycle with 
2,4 millions cycles per year and expressing it in kWh, the 
energy demand of the short stroke cylinder is 172 kWh per 
year. Converting kWh to CO2eq, the factor 569 g CO2eq/kWh 
[14] can be used. Assuming a total amount of 4 million 
cylinders in the field, the absolute amount of CO2eq that is 
caused by the type of short stroke cylinder at the customers 
comes to 39289 t CO2eq/year. 
The aim of Planet/Society is to measure the absolute 
enviromental impact one type of product causes for society or 
for the environment in general. Planet/Society can be 
approximated with the sum of the CO2eq in kg that occur 
during the whole product’s life cycle and that can be measured 
with the LCA-method. Multiplied with the quantity of 
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produced and used products per year, an absolute 
environmental effect of the product is created (see Table 4). 
5.2. Indicators for the sector “Profit” 
The indicator Profit/Company describes the profit the company 
makes per product. Significant data is available but highly 
confidential and therefore not easy to communicate, even 
within the same company.  
The profit one specific product generates for the customer is 
expressed with Profit/Customer. An option to quantify this is 
the ratio between the customer benefit and the total cost of 
ownership (all costs the customers pays). As explained before, 
the customer benefit can be measured through the indicator 
People/Customer. The higher the value of Profit/Customer, the 
better. 
Profit/Society is a measurement that aims to show if every 
stakeholder who works for or with the product gains a fair 
salary.  
5.3. Indicators for the sector “People” 
The indicator People/Company can be calculated by dividing 
the satisfaction of the employees that work directly on the 
product by the satisfaction of all employees of the company. 
Today this data is not collected. One possible solution might to 
use direct data aquisition through a survey or an indirect 
collection through the level of the job-related leaving rate or 
the level of the sickness rate. 
People/Customer describes the satisfaction of the customer per 
product. It can be seen as the degree to which each customers 
need is fulfilled. A survey to all customers for all products can 
collect data for this issue. For every product an average level 
of satisfaction should be quantified. 
The indicator People/Society reports the satisfaction of society 
per product type. In accordance with the common opinion that 
automation technology contributes to a change of the type of 
work, one option is to measure how a single component is 
affecting the labour status of the stakeholders. Due to a high 
complexity, further research has to be done in this area.  
5.4. Exemplary product and approach assessment (step 1, 2) 
The transformation of the indicators “satisfaction”, “CO2eq” 
and “costs and benefits” into assessment values for the onion-
pie categories can be realized by a mapping function. A 
mapping function describes the relation between the indicator 
of a criterion p and its resulting assessment value Up. The 
mapping function u(p) is defined through the parameters pmax, 
pmin, umin and c as displayed in formula 1. [15, 16] 
c
pp
pp
u
u
upu
))(1(1
)(
maxmin
max
min
max
max
−
−
−+
=
               (1) 
The graph in Fig. 5. shows an exemplary mapping function u(p) 
for a product assessment value Up. The scale of the resulting 
product assessment value Up is qualitatively splitted into five 
sections and explained in Fig. 5. A more detailed scale can be 
developed when more data and experience is available. After 
all indicators pi of each of the nine onion-pie categories have 
been transformed through their specific mapping function ui(p) 
into assessment values Upi the product assessment is done. 
Fig. 5. Mapping function u(p) for product assessment value 
The same logic has to be applied for the mapping function u(a) 
(see Fig. 6.). All approach indicators ai have to be transformed 
into approach assessment values Uai. 
Fig. 6. Mapping function u(a) for approach assessment value 
5.5. Correlation of the mapping functions u(p) und u(a) and 
sustainability relevance (step 3) 
The way to verify if the approach acts as a remedy for the 
deficits of the existing product performance is to check the 
correlation of u(p) and u(a). The mathematical description for 
the correlation of u(p) and u(a) is a further research question. 
Fig. 7. displays how an exemplary correlation could be 
visualized. On that basis the sustainability indicator SI is 
determined. 
Fig. 7. Correlation between u(p) and u(a) for sustainability indicator 
After each category is expressed through a sustainability 
indicator SIi, the indicators can be combined to an overall 
statement, the sustainability relevance SR. Among the 
statistical method for mean values, the geometric mean (see 
formula 2) is particular suitable for this type of information 
aggregation. [16] 
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5.6. Testing the feasibility of the approach (step 4) 
As a forth step, the feasibilty of the (lightweight) approach has 
to be identified. One pragmatic option is to ask experienced 
product designers to rank the technical lightweight potential 
per product. A more academic option is to identify success 
parameters as criteria for lightweight feasibility from literature. 
For this option further research has to be done. 
5.7. Recommendation for action (step 5) 
As the fifth and last step, the values for the sustainability 
relevance and feasibilty of the approach have to be transferred 
into the portfolio. In Fig. 8 an exemplary portfolio for the 
approaches LI, MA, FU, RE and MO is shown for 
demonstration purpose. The approach with the highest 
sustainability relevance and feasibilty is recommended for 
application. In this case lightweigt and material selection have 
the hightest potential in making the short stroke cyclinder more 
sustainable. Other resulting operations are given in Fig. 8.   
Fig. 8. Portfolio for recommendation for action 
For the short stroke cylinder lightweight can be realized with a 
material change of the bearing caps from aluminium to a glass 
fiber reinforced polymer. With this change the weight reduces 
from 378 g to 332 g, which is a weight saving of 46 g or 12 %. 
Substituting the aluminium caps with polymer caps 
automatically reduces the CO2 emissions of the product as well, 
because according to data from LCA the polymer evokes a 
lower global warming potential than aluminium and is 
therefore more environment-friendly. 
                  
Fig. 9. Material change from aluminium caps (left) to polymer caps (right) 
If the sustainability relevance for a certain approach is high for 
numerous products, product designers need to be trained to 
support the particular approach and furthermore approach 
supporting methods and tools need to be integrated into the 
company specific product development process.  
6. Conclusion and Outlook 
With this paper a new perspective on sustainable products and 
a new framework for decision support for sustainable 
innovations have been created. Furthermore new indicators of 
sustainable product assessment have been identified. Moving 
forward, one next step would be the further development of 
indicators for the product and the approach assessment. As 
such, one more possible indicator that could measure the 
product’s indirect impact on Profit/Society is the ability of a 
product to compensate the inequality of incomes. Another 
possible indicator for People/Society is to analyse to which 
higher societal satisfaction the product contributes to the world. 
After the assessment research is completed and all indicators 
have been established and evaluated, an application of the 
framework for other product families has to be done. Finally 
the framework has to be implemented as an integrated 
assessment tool for decision support in business processes. 
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